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THE EFFECT OF THE WI NGS OF SI NGLE ENG I NE AIRPLANES ON 
PROPULS IVE EFF I CI ENCY AS SHOvm BY FULL SCALE WIND TUNNEL TESTS . 
By Fred E. We i ck and Donald H. Woo d. 
Summary 
An investigation WaS conducted in the Propeller Research 
Tunnel of the National Adv isor y Comrni ttee fo r Ae r onautics at 
Langley Fi eld, Virg i n i a , to dete r mine the effect of the wings 
on pr opuls ive efficiency . An open cockpit single engi ne fuse-
lage WaS tested with ru1d without biplane wings and a nlosed 
cabi n fuselage with var ying amounts of cowling was tested with 
and without a monoplane wing . A standar d metal p r opeller and 
II Whirl wind ll eng i ne were used. The wings ar e shown to cause a 
r eduction. of f r om 1 to 3 pe r nent in p r opuls i ve efficiency, 
wh i ch is about the same for the monoplane as for the biplane 
wi ngs . 
Int r oduction 
Extensive model tests , conducted by many agencies, have 
f urnished a great amount of data on pr opeller -body interference . 
I n most of these tests the wings were left off and in consequence 
the r e ar e very little data on the inter fe r ence between wings and 
p r opeller s . I n th i s invest i gat i on the propulsive efficiency of a 
standar d metal p r opeller was obtai ned on a single engine cabirr 
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fuselage with and without a monoplane wing, and also on an open 
cockpi t fuselage with and without b i pl ane wings . The p r opeller 
was tested at two p i tch settings . The investigation was made in 
the Propeller Resear ch Tunnel of the Nat iona,l Advisory Committee 
fo r Ae r onaut i cs at Langley Field, Virg ini a . A further investi-
gat i on i s now being conducted i n which the interference of na-
cel l es , propellers and wings is to be measured. 
Methods and Apparatus 
The Propeller Re search Tunnel - its test equipment and 
methods - have been desc r ibed i n Refer ence 1 . The standar d pr o-
cedur e there described was followed in these tests . 
The fuselages have been des i gnated as Nos . 1 , 2 , 3, and 4, 
and ar e shown in Figur es 1 , 2, 3 , and 4, respectively. The open 
cockpit No . 1 and the cl bsed cabin No . 2 have the entire engine 
exposed. Closed cabin fuselage No . 3 has the engine partly 
cowled , while No . 4 has the same amount of c bwling but with a 
spinner . 
The wing used on all the cabin fuselages Wa S of 12- foot 
span and 7- foot chord , with a thick sectiorr (G8ttingen 387) . 
The 12- foot span ,{Jas deemed su fficient to extend out side of 
the propeller influence . A windshield to simulate that on an 
actual ai r plane Was built into the leading edge above the fuse-
lage . Tail surf aces were not used because ear l i er tests had 
shovm their influence on propulsive efficiency to be negl i gible . 
• 
... 
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The wing is sho\ID i n place on fuselage No . 3 in Figure 5. In 
Figure 6, the wing has been r emoved. The wings for the open 
cockpi t fuselage were standar d VE-7 biplane wings . They are 
shovm attached to fusel age No . 1 in Figure .7 . This fuselage is 
shown without 'flings in Figur e 8 . The engine was a standard 
If Whirl wind lf J - 5 air- Go ol ed r adial . 
The aluminum all~y pr opeller was of standard Navy form with 
detachable blades and 9 feet in diamete r. It was supplied by 
the Bureau of Aeronautics of the Navy Department. Its dimensions 
ar e given in Figure 9 and its blade widths and thicknesses and 
the p itch dist ributioIL ar e shown in Figure 10 . All tests were 
made at pitch angles of 150 and 23 0 at the 42-inch radius . It 
V'!ill be noted that there is a consider able washout of pit ch to-
war d the hub at these settings . 
As detailed in Referen~e 1, the to r que dynamometer measures 
all to r que acting on the engine mounting . This measured torque 
includes a small tor que due to the tv-rist of the slipstream which 
acts on the exposed cyl i nders and special tests were made (Refer-
ence 2) to determine its magnitude. The results were applied as 
a corr ection (cu.l1ounting t o as much as 3 per cent in some cases) 
to the measured engine torque . 
The result~nt horizontal fo r ce of the propeller-body combi-
natioffi, which may be either a t hrust or a drag, Was measured on 
the regular balance (Reference 1 ) . This resultant horizon~al 
fo r ce R, is composed of thr ee components, such that 
\ 
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R = T ( D + 6. D) 
or R = T D - !J. D (1 ) 
v::here T = the thr u st of the p r opelle r vrhil e oper at i ng 
i n f r ont of the body ( the t ens i on in the pr o-
p eller shaft) . 
D -- t he dr ag of the a i r p l ane alone ( wi thout p r opel l er) 
a t the same a i r veloc i ty and dens i ty . 
D. D = the i nc r ease in dr ag of the ai r pl ane wi t h pr opeller, 
due to the sl i pst r eam. 
To obtain the propulsive eff i c i ency , wh i ch includes the pr opeller-
body inter fe r ence , an effect ive thr ust is used, def i ned as 
Effect i ve thr ust = T 6. D 
or f r om (1) = R + D. 
The pr opulsive eff i c i ency ~, then, is the r atio of the useful 
power to the i nput power, or 
T j = ~ffect ive th r ust x veloc i ty of advance I nput powe r 
Th i s pr opuls ive eff i ciency i ncludes the i nc r ease in dr ag of all 
parts of the ai r plane affected by the sl i pst r eam, and also the 
effect of the body i nte r fe r ence on the p:r opeller thr ust and power . 
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Res u 1 t s 
The results have been r educed to the standard nondimensional 




p n2 D4 
.I nput .-P.Qvre r 
p n3 D5 
Effect ive thrust x velo c ity of advance 
Input po wer 
where D = p r opel l er diamete r , and n = r evolut i ons per unit of 
time . 
Curves of t- ese coefficients for fuse l age No . 1 are g iven 
in Figures 11 to 14, with experimental points mar ked. These 
are typ i cal of all the re sults . In ~igur es 15 to 26 , the final 
curv es have been dr a!ffi fo r all the test s \l ith curves for the 
test s Hi th voTing and ',vi thout wing on the SaJ!1e sheet . The curves 
we r e obtained by fai ring thr ough the experimental points , as in 
?igures 11 to 14. The final adjusted coefficients taken f r om 
t he se cur ves ar e g iven in Tables I to VIII . 
From inspect i on of the comparative curves , it is noted that 
the p r opul sive eff i c i ency with the wing in place is f rom 1 to 3 
per cent lower than Yri thout the 17ing . The reduction i n effi-
ciency is slightly greater fo r the high-pitch setting. 
The monoplane wing causes about the same reduct ion in eff i-
c i ency as the biplane I'ril1tS s . 
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The wing se ems to cause a small incr ease in ae rodynamic 
• 
pi t ch as vJell as an i nc r ease in the thrus t and po\"re r coeffici en t s. 
At the V fo r maximum effi c iency the effect i s mai nly an in-
n D 
c r ease in powe r coeff i c ient. 
Con c 1 u s i on s 
1 . The monoplane and biplane vlings te sted wi th cabin and 
open cockpi t fuselages cau sed a r eductioIT_ in pr opulsive efficien-
cy of f r om 1 to 3 per cent . 
2 . The loss in efficiency Was sl i ghtly greater at high 
p i tch sett i ngs . 
3 . About the s&~e loss was caused by the monDplane wing 
as by the biplane wings . 
Langley Memorial Aer onautical Laboratory, 
National Adviso ry Committee fo r Ae r onautics , 
Langley Field , Va . , August 8 , 1929 . 
1 . Weick, Fred E. 
and 
Wood , Donald H. 
2 . We i ck , Fred E. 
R ef e r e n c e s 
The Twenty- Foot Propeller Resear ch Tunnel 
of the National Advisor y Committee fo r 
Aeronaut ics . 11 . A. C. A. Techn i cal Report 
No . 300 (1928 ). 
Dr ag and Cooling of Variouc Forms of Cowl-
i ng fo r a IIWhirl wind ll Engine on a Cabin 
Fuselage . N. A. C.A. Technical Report No . 
313 (1929). 
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TABLE I. 
Final Ad j usted Coefficients 
Fuselage No . 1 - v!i th wing 
Pr opelle r Ho . 4412 
150 at 42 in . 
V CT Cp 71 n D 
. 10 . 0849 . 0361 .235 
. 15 . 0811 .0361 . 337 
. 20 . 0772 . 0361 .428 
. 25 . 07 30 . 0360 . 506 
. 30 . 0682 . 0360 . 569 
. 35 . 0635 . 03 55 . 625 
. 40 . 0581 . 0349 . 665 
. 45 . 0530 . 0338 . 705 
.50 . 0472 .(,320 . 738 
. 55 . 0412 . 0 298 .76C 
. 60 . 0347 . 0271 .768 
. 65 . 0280 . 02 40 . 758 
. 70 . 0215 . 0203 .740 
. 75 . 0151 . 01 68 . 674 
. 80 . 0083 . 012 7 .522 
. 85 . 0019 .0083 .195 



















. 90 . 
. 95 
1 . 00 
1 . 05 
1 . 10 
1 . 15 
1 . 20 
T ABLE I (Con t . ) 
Final Adjusted Coefficients 
Fusel age No . 1 - with wing 
Propel le r No . 4412 
23° at 42 in . 
CT I Cp 
. 0941 . 0650 
. 0942 . 0650 
. 09 41 . 0650 
. 0940 . 0650 
. 0838 . 0650 
. 0930 . 0650 
. 0921 . 0649 
. 0901 . 0649 
. 0872 . 0648 
. 0830 . 0645 
~ 0781 . 0638 
. 0730 . 0625 
. 0670 . 0605 
. 0612 . 0581 
. 0542 . 0545 
. 0492 . 0523 
. 0433 . 0 4 88 
. 0374 . 0448 
. 0306 . 0401 
. 02 58 . 0351 
. 0201 . 0299 
. 0141 . 02 40 












































. 80 I 
TABLE II 
Fi nal Adjusted Coeff i c i ents 
Fuselage No . 1 - without wing 
Propeller No . 4412 
150 at 42 i n . 
CT Cp 
. 0869 . 036 2 
. 08 30 . 0362 
. 0790 . 0362 
. 0742 . 0362 
. 0695 . 0 360 
. 0642 . 03 56 
. 0591 . 0 349 
. 0539 . 0336 
. 0479 . 0319 
. 0410 . 0293 
. 0 342 . 026 4 
• 0272 . 0230 
. 0208 . 0197 
. 0135 . 0153 











































1 . 00 
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1 . 10 
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1 . 20 
TABLE II (Cont . ) 
Final Adjusted Coeff i cients 
Fuselage No . 1 - without wing 
Propeller No . 4412 
23 0 at 42 in . 
CT Cp 
. 09 50 . 06 51 
. 0950 . 0652 
. 0950 . 0652 
. 09 47 . 0651 
. 09 42 . 0650 
. 0939 . 0650 
. 0928 . 0650 
. 0910 . 0648 
. 0880 . 0643 
. 08 41 . 06 42 
. 0791 . 0639 
. 0739 . 0623 
. 0-S80 . 0604 
. 0619 . 0580 
. 0555 . 0558 
. 0 490 . 0512 
. 0430 . 0475 
. 0368 . 0431 
. 0308 . 0385 
. 0248 . 0335 
. 0186 . 0 280 
. 0120 . 0216 















I .720 .744 
I 
. "770 i 
I . 789 
I . 800 
I . 810 
i 
. 815 
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TABLE III 
Fi nal Adjusted Coefficients 
Fuselage No . 2 - with vving 
Propelle r No . 4412 
15° at 42 in. 
. .. 
V 
°T Op I 'r] n D 
. 10 . 0861 .. 0360 . 238 
. 1 5 . 0822 . 0362 . 341 
. 20 . 0782 . 0366 . 427 
. 25 . 0738 . 0369 . 500 
. 30 . 0680 . 0365 . 567 
. 35 . 0640 . 0360 . 622 
. 40 . 0586 . 0350 . 670 
. 45 . 0531 . 0338 . 710 
. 50 . 0474 . 0320 . 740 
. 55 . 0411 . 0298 . 760 
. 60 . 0349 . 0272 . 770 
. 6 5 . 0286 . 0242 . 769 
. }O . 0224 . 0210 . 746 
. 75 . 0160 . 01.74 . 690 
. 80 . 0103 . 0138 . 595 
~ . 0043 . 0100 .. 365 
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T .ABLE III ( Cont . ) 
Final Ad.justed Coefficients 
Fuselage No . 2 - with wing 
Propelle r No. 4412 
23 0 at 42 in . 
V I ,CT ~.O::9 'r) n D I . 10 . 0930 .143 
. 15 I . 0939 . 0654 . 216 
. 20 
I 
. 0941 . 0660 . 286 
. 25 . 0942 . 066 2 . 356 
. 30 I . 0938 . 066 4 . 424 
. 35 I . 0924 . 0666 . 485 
. 40 . 0909 . 0664 . 548 
. 45 
I 
. 0882 . 0661 . 600 
. 50 . 0854 . 0656 .650 
. 55 . I . 081 8 . 0650 .692 
. 60 i . 0773 . 0640 . 725 
. 65 I . 0'727 . 0629 .753 
. 70 . 0'674 . 0610 .774 
. 75 I . 0623 . 0590 .793 
. 8 0 I . 0574 . 0566 . 811 
. 8 5 I . 0521 . 0539 . 822 . 9 0 . 0467 . 0506 . 8 30 
. 9 5 I . 0408 . 0465 . 833 
1 . 00 . 0347 . 0«)9 . 829 
1 . 05 . 0287 . 0370 . 816 
1 . 10 . 0228 . 0316 • 793 · 
1 . 15 . 0170 . 0258 • 758 
1 . 20 . 0109 .0197 .663 
1 . 25 . 0050 . 0133 • 4.70 



















TABLE I V 
Final Adjusted Coefficients 
?usel age No .2 - without wing 
Propelle r No . 441 2 
150 at 42 in . 
CT Cp 
. 0860 . 0341 
. 08 28 . 0348 
. 078 5 . 0 350 
. 0740 . 0352 
. 069 4 . 0350 
. 06 45 . 0349 
. 0590 .0342 
. 0534 .0333 
. 047 8 .0319 
. 0416 .029 8 
. 0353 .0271 




. 0162 .0176 
. 0097 .0135 








































. 9 5 
1 . 00 
1 . 05 
1 . 10 
1.15 
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TAB LE IV (C 0 n t . ) 
Fin al Adjusted Coefficients 
F'uselage, No o 2 - without wing 
Propeller No o 4412 
23 0 at 42 in. 




. 0954 . 0666 
. 0949 . 066 4 
. 0942 I .0664 
. 0931 I . 0661 
I . 0920 .0660 
. 0906 . 0660 
. 0886 .0658 
. 0861 . 0652 
. 0830 . 0650 
. 0792 . 0644 
. 0750 . 0636 
. 0699 . 0619 
. 0641 . 0595 
. 0581 . 0566 
. 0519 . 05 30 
. 0454 . 0 486 
. 0388 . 0439 
. 032 5 . 0388 
. 026 4 . 0339 
. 02.0 4 . 0284 
. 0147 .0231 
. 0087 . 0173 
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TABLE V . 
Final Ad j usted Ooe f f i cients 
Fuselage No . 3 - wi th wi ng 
Propeller No . 4412 
15° at 42 i n .. 
°T Op 
. 08 56 . 0352 
. 0819 . 0358 
. 0777 . 0360 
- - .-
. 0731 . 0360 
. 0686 . 0361 
. 0638 . 0356 
. 058 7 . 0350 
. 0536 . 0340 
. 0 481 . 0327 
. 0 426 . 0309 
. 0370 . 0288 
. 0308 . 0260 
. 0248 I . 0230 
. 0188 . 0199 
. 01 23 . 0160 


















. 61 3 
. 43 5 
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1 . 10 
1 . 15 
1 . 20 
1 . 25 
1 . 30 
1 . 32 
TABLE V ( Cont . ) 
Final Ad just ed Coeif i c ient s 
Fuselage No . 3 - with wing 
Propelle r No . 4412 
230 at 42 in. 
OT Cp 
. 0954 .0681 
. 0960 . 068 4 
.0960 . 0688 
. 09 58 . 0690 
. 09 50 . 0690 
. 0938 .0690 
. 0921 .0690 
. 0898 . 0687 
. 08 71 . 0684 
. 0838 . 0681 
. 0796 . 0672 
. 07 49 . 06"57 
. 0699 . 06 40 
. 0643 . 061 8 
. 0592 . 0593 
. 0534 . 0563 
. 0477 . 0530 
. 0423 . 0498 
. 0370 .0458 
. 0318 . 0417 
. 0264 . 0369 
. 0206 . 0311 
. 0150 . 025 7 
. 008 4 . 0186 
. 002 3 .0120 


















































Final Adjusted Co effi c i ents 
Fus el age No o 3 - without wing 
Propelle r No. 4412 
150 at 42 in . 
°T I Op 
. 0864 . 0352 
.08 29 . 0357 
. 0789 . 0360 
. 0734 . 0360 
. 0697 .0359 
. 0642 I . 0353 I 
. 0591 . 0349 
. 0538 . 0339 
. 0476 . 0322 
. 0419 . 0302 
. 0359 . 0276 
. 0297 . 0248 
. 0228 . 0212 
. 0257 . 0177 
. 0101 . 0139 







































. 8 5 
. 90 
. 9 5 
1 . 00 
1 . 05 
1. 10 
1 . 1 5 
1 . 20 
1 . 25 
TABLE VI ( Cont . ) 
Final Adjusted Coeff i c i ents 
Fu sel age N,o . 3 - without wi ng 
Prop el l e r No . 4412 
230 a t 42 i n . 
CT Cp 
. 0960 . 0676 
. 0960 . 0678 
. 0959 . 0678 
. 0952 . 0676 
. 09 45 . 067 4 
. 0932 . 067 3 
. 0916 . 0671 
. 089 5 . 067 0 
. 0869 . 06'68 
. 0833 . 0662 
. 07G2 . 0658 
. 0746 . 06 44 
. 0'681 . 0627 
. 0635 . 0602 
. 057 7 . 0 5 72 
. 0519 . 0539 
. 0 460 . 0500 
. 0 400 . 0459 
. 0340 . 0 412 
. 0281 . 036 4 
. 0220 . 031 0 
. 016 4 . 0258 
. 0106 . 0202 
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"TABLE VII 
Final Adjusted Coefficients 
Fuselage No . 4 - wit l1 v'i ing 
Prop eller No. 4412 
15° at 42 in. 
V CT Cp T1 n D 
. 10 . 0861 . 0 350 . 246 
. 15 . 0821 ~ 0356 . 34J 
. 20 . 0779 ~ 0359 . 43,1 
. 25 . 0732 .'0360 . 509 
. 30 .0683 ~ 0 359 .570 
. 35 . 0620 . 0354 . 623 
. 40 . 0580 . 0349 .66 5 
. 45 . 0524 . 0338 . 699 
. 50 . 0470 . 0322 . 730 
. 55 . 0412 . 0301 .752 
.60 . 0356 . 0278 . 769 
. 6 5 . 0296 . D2 49 . '766 
. 70 . 0229 . 0215 . 745 
. 75 . 0169 . 01 S0 . 702 
. SO . 0111 .0145 . 613 
. S5 . 0050 . 0105 . 405 





















1 . 00 
1 . 05 
1 . 10 
1 . 15 
1 . 20 
1 . 25 
TABLE VIr (Cont . ) 
Final Ad justed Coefficients 
Fuselage No . 4 - with wing 
Propelle r No . 4412 


















































































I . 25 





. 50 I 
. 55 I 
. 60 I 
. 65 I 
. 70 I 
. • 75 
. 80 
I . 85 
TABLE VIII. 
Final Adjusted Coefficients 
Fuselage Ho . 4 - without wing. 
Pr opel ler No . 4412 
1 5° at 42 i n . 
CT Cp 
~ 0869 . 0354 
. 0830 . 0358 
. 0789 . 0360 
. 0742 . 0360 
. 0692 . 0359 
. 0641 . 0352 
. 0586 . 0346 
. 0541 . 0336 
. OL175 . 0320 
. 0417 . 0301 
. 0355 . 0274 
. 0291 00243 
. 0225 . 0210 
. 01 61 . 0174 
. 0101 . 0140 









































. 9 5 
1 . 00 
1 . 05 
1 . 10 
1 . 15 
1 . 20 
1 . 25 
TABLE VIII (Cont . ) 
Fi nal Adjusted Coeffic i ents 
Fuselage No . 4 - wi thout wi ng 
Prope l ler No . 4412 
43 3° at 42 i n . 
CT Cp 
. 09 41 . 066 2 
. 09 44 . 066 3 
. 09 45 . 066 5 
. 09 41 . 0666 
. 0938 .066 7 
. 0929 . 0665 
. 0911 . 066 4 
. 0891 . 0661 
. 0869 . 0660 
. 083 5 . 06 58 
. 079 4 . 06 51 
. 07 48 . 0646 
. 0698 . 06 30 
. 0639 . 0602 
. 0579 . 0571 
. 0521 . 054 0 
. 0 460 . 0500 
. 0400 . 0 45 7 
. 0 342 . 0 412 
. 0285 . 0366 
. 0228 . 0318 
. 016 5 . 026 0 
. 010 5 . 0200 
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